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Abstract of WO 2006022645 (A1) 

The present invention provides a system and 
method for operating a rechargeable battery, the 
system comprising: current maintaining device for 
maintaining a predetermined current to the 
rechargeable battery until the rechargeable battery 
reaches a predetermined maximum voltage; voltage 
maintaining device for maintaining a predetermined 
voltage to the rechargeable battery until a 
predetermined minimum current is delivered to the 
rechargeable battery; determining device for 
determining a cyclical charge value delivered to the 
rechargeable battery by the current maintaining 
device and the voltage maintaining device during a 
cycle; and a correction device for correcting the 
determining device when charge is not being 
delivered to the rechargeable battery, on the basis 
of the charge value. 
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lATTERY CHARACTERIZATION IJCgM. 

CROSS-REFERENCE TO RELATES* APFLKiATlONS 

P S | -Hbs applkatiOB mafess reference to Jwsmiim fmmmml fmm Applieaiio:o No 
2003903839,. filed My 24* 1003.. Priority \& chimed fern feis ^ppiioatfen for fe^ presmt 
AppIlcafeE, In ^Mmm, ihk application is related to: OS P&tei 4227,204, mtitted "Device 



nd process for charging of rechargeable baitsries of implaofe^ filed May 1 4 1999; US 
Patent AppSc&doa 09/654,731 s ^tiikd **T:rar^uMiem^ Power. Optimization Ciromi fe a 
Cochlear^ faipkm " Bled September 5, 2300; US Patent ^ppio0on 10/2^X7% mMv4 
'Battery Monitor mil Power Demand Adji^fer^ filed October 2002; a^d US Patent' 
Application W/§$%%9$ 9: . <?MiiM 'Multiple Battery Management; System"' filed SeptemBex 
25 >. 2001. Tm mtkz ttmlmm contents of tfe above ^pplica;do<is are b^fey 
incorporated, by $&ie$$ap& 



F&M vfthe Im>mthm 



(02 j Tht pmmm iiwmilm bales': generally batteries and. more parfcu iaiiy; to 



&&nagmg the charging arid discdargii-g of a rechargeable featf or yi 



RditfedArt 

[03] When a battey is charged, ordy ow pact of to sirpplied electric power is convened 
into charge. M\Qtii$i mfi of Ms sower is cOiwer^d hilo heat dm to the i:menMredManeo of 
tire battery i^x-d, therefore, is lost tor rechargmg. Si^oh. power loss can lead to m impmyxwMbi^ 
teraper^Mre rise of the test device, fe iliose appife^io^ iii wlucii ih& lottery is imduded m a 
oompons&t which is ixapkufed- k\ & pmmx* mzh imxpmmm tmrnm <d*o damage fee; 
mroumilrm tissue. 

[04] : A • fertta part of the supplied energy drives secotitey efectroctenical reaetions 
wWohs for examole, bad to gas moMkm wHMn the- batten, Tols more eommcmlY oceors 

...... ■ •• x v .... . . . . . v 

wS*err die battery M§ tmclmd a M&ker etorgrrrg level, fer ^xH0:ipIo ; wfegft the battery m 
charged to mo^e tto. $0% of its aommal capacity, la pa^e&lay over yea;05 of operation, fee 
oao&eity ratio of the positive and negative eleeirodes of a battery ceil or cdk' shifts im to 
ele^trol vte leas &nd passivation and/or corrosion of the electrode s&tiaem As a result, dming 
dmrgmg (i&s re-ciiarging), a greater s^d greater prepondemnee of the ga^lonnmg over the 



<?z&<mmxmii%; -vmc^m 0mw% rmti ikm< the Internal pressure of ife© ceil rises auicMy 
during rfieu-ging, As the gas pressure rises, the cell bousing sw&lk, wfelcfc tm<fer ^bitafe- 
cii^am^^ces ea:a lead to deduction of ik$ milm $® xlmics in whidxthe cfeHis ho&secL The 
iricre&smg; c^nxwoii atkl.% ^ass^lk)9.'6£lto ekdrofe-Md the -. c^b^c^i^ts^t -jdsei?da9« " : oif te 
otetrotvto --wetted electrode surface c&ase sm incxe^sedi'-fe^ iiitemal resktoce offc hatie*y. 
PSJ Thus } a charge msa^m^it sterns is quite mipoitant m reokii^abk battens 
p&rtalarfy if fee bsiteric^ are- to be used in an. impiantafele devioe. Charge mmagem^t 
regimes for rechargeable b&tteriea are designed to maximke the nmfxii lite of (fee 
^hargoafefe : battery by aSigtimg ixm opm&hig piitm\mm mib. those empirically sbowft to 
he &vonfe!e fax longevity, RMhemore* such charge management regimes j^^k Ixx in^dmfee 
die eMcfency of the battery while addressing ihe adverse comfiC]u&oees associated with 
ehar&ma a battery, 

[M\ The sueeesa of a charge iriana^ement regime cau depend m. th e aixor&ey of the krgnt 
parameters used, such 'as fee amount of charge renaming in the battery at my particular 
mtimmi m time. Osie method of de&mnmtig the charge r^mammg Is to tsto measures^ats 
of the terminal voltage aM use this to ealouhas aeeiumdaled efe&rgs, 

|07] However, voltage cori'dsaiou itfchiriqoes eau be- macourate due to variations in a 
hatterv^s disrdw aod disdwaias char&ctensoca over its lifeli^s, Thcao variation cao be 
hrrlueuced by the manner in which the battery has heeo previo^aly charged and discharged, 
aad. from the. operating teiriporatrire, Cle&rly, this maeeiiraey can lead to the undesirable 
eoxisequenees moiudhig those discussed above, 

\0[ Another method of detenrmaog the charge rem?inmg is to periodically rumple tb.e 
ernxerd flowing iuk* or mit .af the bstiery. This method nnrv generate a more aeeixrat^ 
eatirusde of the present state of charge, and measox»ent gam or oBlet etrors eoaid be 
corrected, using sote^re dgrxal pmeesamg i^diolqim To reduce qnaMsatsoa. errora when 
maisplkg* the current .ra^fetioE;.imi5f h%. small: relative to bdth : i-h$rg& m& discharge : eiux^htj?,- 
Tl>e mahi drawb^icfc to this method is hs high proeessmg requirement. This m parhoularly She 
ease where the eKat&e or discharge ouramt la not constant over time, Sltch ^mpih)g aeeda to 
be at a iate of at l&mt imm Mghe$t oorapoos at 5 equeBcy (die Nyqniat rate) of the oiirrent 
wa^elbnB, which may require & aigxd6c&ot aotouBt: of pmcemng power, fc m^f electronic 
devices, Mb-. tmtm&§& pro^e^g^'te^):;^ • fepmd^csl beesmse of the Simted space arid 

■ » 

power cot ■ strain ta, 

{0} Another method of det^rimdag the ctop m^aimug is: to m^d^malically integrate 
the measured ctege aM ti.^dktg^ eurreni. The eurretrt ktegwip^ . ap^oaeh. h&m tr^ed 



for ^x'smpte 1b US l^mmt 4&7$S99 VSdmeider% UwdMy, US P^tet 6,049,210 
(''Hwatiz*) km iii®kltgi\to& the useibaness of &mmrnv mmmx^mmM Amimd &mn §& 
sBte&rator, OS -Patent- Ov504,344 (■ './Mams 4 •> demonstrates ife hitcsratbn tedimque used over 
si short period of time and umm a koowu ted to characterise the battery. Howswa a. 
drawbacir of fee cutr&nt i&tegratkm. approach-: is xh^ wmcmmim cm result 6om the mhersBt 
oSsets m mdm mxmtriK. Gompmrniion tor ■ these offsets Ms bom-, shows to bo. more, 
difficult to achieve tor lower currents, 

(101 It & desired to ameliorate any oik- or >uore of the foregoix*^ drawbacks of the above 

}i;f | hi accordance with om sspjet of tho kvonli^- there pzmxdsd a method of 
mauagiug a power supply &r m eleeteuc device, the power gu|>pfy te#g & rechargeable 
battery source and an auxiliary power source, sdd method comprising the steps ot 
mrpfemeolm& a rn.easuri.ng circuit to rnsasure psrsimemo data of die recbar&eable battery 
source dorrug operational charging • and dkclwging- qyples wife the deetromc prices ■ 
checking ibr temporary removal of the reclmrgeaMe battery source trom operation, of the 
device; md testing the measuring einsnit for oftset error, if power &om the rechargeable 
battery somee hm hmn teuporanly removed, betoxe resuming said Iruple?oeoirng stsp, 
[1.2] M accond^nee wirb aru>dier aspect df.tM'S^^ is pro %dd# & system Ibr a 

ixrwer supply forks etettoMc .fei^.^kl power supply compiling: a re ehargeabk battery 
source oordurnred fox cyclical ehax&ms aad dlscbar^mg bv said electric device: a 
measuring eircrdt tor messing pammetnc d&ts during said charging aM discharging; au 
^umliary power source being aWe to power said eieetronic device i^Mependenily of said 
battery sourer slid •a•t#&^^;cM^dt• : •fe^ t^&ig-'^aid &&as^sg cireuH for . of&et zxzqv;.. atid a 
cirerdt for rednoirm otirreiii tlow rcoru said xe<:kn:i>;cafel.o batierv to aaM device to a intokai 
value; wherem aaid testing dir&uit ia enabled during said- feblatioii of said redhargeablo battery 
ix>m said de^io^ 

111 aecordanee wMl ^th^r aspect of tim k^m^n, k provMM a ^tcm &?r 
operating a rechargeable battery y aaid sysi^n eoxrspdsMg: currem m^ataim^g moans for 
maintidnbm a pr^datc;nu.lned current to said reeSiarge^ble battery until said rechargeable 
battery reacts a pred0fen^e<l i^Mimum voltasse; voitaga maihCaming mea^is ibr 
rnakitabiiog a. predv?temuaed v^lta^e to :^aid rccbar^eab.k-: battery aiitll a •>red^ienniued 

3 



mirdmam mmiti i$ delivered: to said reshat^s#is battery; detomrdag iWiis for 
determining a evcHeal charse v&bie delbered. to said rechargeable battery by saki currem 
m&iol&i&mg, M&ns and said voltage ^amtainmg j^eas^ during a cycle; and corrected meatus: 
for eooreodng said determining means when change i& n<& bmi$ d^ivsosd to said 
recliaraeable battery, on the basis of s&id charge vafoe. 

. . . ... * . . . .... ... 

[j-4j In accordance wife m^ihex mpml of to invention i&sge is provkted ^ apparatus fm 
chiiraetm^iiig a ree&^geahlc -batters $3$ apparatus ^m^nsiagc a cu^s^t limited soiree for 
ddtyeriiig, duxing.a fet.ctegmg stage* ^m^ntBow :to : add reeh argeahle hM£ery ? mtil 
reelarr^eahfe battery re^hes a orcdd:enraned maxbnuni voltage; a voltage Brrdted source for 
;audcU<bohra. dmina a second cb^&sng stage, a substantially eonstot voba&e hi said 
rechargeable b&tteVv until a entreat flow delivered to aaid ra^r&eshie baltery is below a 
predctemnned ;exmbnrau cw<art; m integrator configured m integral enrront How delivered 
to aaid rectoxgeabb battery dnriog the tint and second calibration stages; threshold detector 
mesas configured to signal a xmit conM of charge epon detect ion of a predeseanmed level of 
sharp indkated by 8ae output ten said integrator; atxl correlator configured to correlate a 
total rennher of timf eoiints of charge dudng ^nd first a3id second cabhmtion stages with said 
pxedetennMed ma^imatn voltage snd gajd pr^ctefennb^cd minimum etoxent 
|T$J In accordance with another aspect or the invention, there is provided computer 
readable median), haying a pmgrsm recorded dser^^ k configured to 

make a eotiiputer execute a procedure to operate a recte:^^ 

eomp?di?ing &e steps of; d<3m::tenziug the batey comprising the safe^teps 6f: delivering a 
subsaamially constant current to said reehargeable battery mtii said rechargeable battery 
ati&shgs- & predetermined maximinn voltage; delivering a eubsMtiaily constant voltage 'to said 
rcenar^eabie ba^ijrv iirai! a t>fMetenixmsd mbdmusn earront k delivered to said mehBrgeable 
baiterv; and detemimis:^ a delivered charge vsMe deMvcrf to said rechargeable batterv bv 
sub^teps; m& ovciicaOv ebargiiig and discharging of said redmrseable bi?tterv aceording 
to said detenxdned delivered charge value. 

v.* 

tf& In ^c05:dance wdlx anotb&r aspeet of the mvojtt^ there ia provided 21 battery charter 

fer ail electrorde d^vic^ sakl- 'battery charger eon)|>rismg: a rechargeable bffiery mixxtiv. 

configured for eyeiica! ebargia^ and dLschargievg by $aid eleotrome device; a. ««| 

circuit for measurma paxaoietrk' data, darted said ehaxgmg: &od dischaxmsm; art aimliaty 

power source b#o:$ able to power said eleetroaie devioe iadspeadently of saki battery source; 

atk? a testing ekcait for testing said nigasuiiiia: oireud fer oSset erron ami a diseonn&ctkm 

tixmii for ^<?Miit5gv cai^t • fxom. fit>m . ssiM.'i^im^able battery to m& device; wheroM said 

4 



im&i drcmt is sMbfed during said. l^oMoii of said ■■r^&g^ble -battery- torn ^4. <fe*lfe 
|3 7| Ik accoixlatKtc mth asot&r sspsct of the inyesnfon, ihcrc is provided a jm*$ttetic 
fce&dng implant; nymm Mmpvming: a battery etegsr comprising; a reelmrgoaMe batfe^ 
source eoo0gars<i for cyclical ctegmg; m& cbselmrgmg by mid .^ItUtmit dwioc; a 
mmmnsg ctcm - fat mmswmg xy&miz&m d&&'. 4m®g m& .dmrging,an<! discbargiagy m. 
amdtimf power mmm feitig ahis to powsr said elect toxm d$Yi$$ imfepemia^tly of said 
bat&ty ;$.ource; mid a tsslmg ohemt fe ti^mg said mmmmg mtmi for <0mt mzotz and a 
disoomeehoii mrotrft for isolating currant flow fern said rechargeable "battery to s^tid dwke; 
wfereia ssud teling-cmMt is ms&fecf dmifcg: said, illation of -said :^ha-g«#fe b^toy fmm 
said device. 

BRIEF »ESCEIFTION OF THE IffiAMMGS 
(T8| The mvendoB wid be described ift coB|imoIioB with the ac^OB^ii^yi^g drawings* in 

{} 9) Fig. 1 is a graphical repres^a^icm of exemplary rechargeable battery Sdiog 

P0f Fig, 2 is a functional block diagram of a r«$:^ to 
o&© embodimcBt oftbe present invention.; 

[21] Fig. 3 is a flow chart of ocie ero&odimcot of the caI11:B<:tk>?x M- i%^mdmxr.€m^ii circuit 
illustrafed hi Fig. 2; 

[2-2] Fig. 4 Is a Sow chart of one embodiment of a charge maaagemsaat algoiithro. for 
charging am! discharging a battery: 

[23| Figs 5 A aid. SB are each a graphical rcpros<mMio 11 of chargmg elw^terfe&a of: mi 
initial charging cycle for ono embodiment of iM charge management Mg<mtknl of Fig, 4- 
\24l Pigs SA and SB are each a graphleal represcotation of charging characlexi^&s of a 
subsequent charging cycle for one ■embodiment of the charge, management algorithm of Fig, 

4; 

[25] Fig. 7 m a plan view of a part of a totally implantable prosthetic hearing implant 
system m msoMmzs w hfe o tie" embodiment o f the pres siti entfoii? 
P&| Fig. 8 is acros^eotfonal vfew taken aloxsg tbe ikms Fig j -Fig, S of Fig, 7; acd 
[27| Fig; 9 is a seh^m^fo diagram of Hie electrical arcMfcotnxe mmi in the device of Fsgs 7 
mid 8 m accordance with 6m embodiment of tire -present iHverdioa 



[2SJ A mxtmg fomt m itev$h$M$ u charge mm^m«Bti^gim^ tot a rechargeable battery 
krfco dmmhxv a method to measmmbly d^r^ri;^ .&e ba&ery< This uommhy h wolves 
detemlinmg tfee "h&tey, which cm hp.. sseerMaed in a 

tmMh^M wap„ As earlier n^Mtoxi/tte voltage of the battery zmi be mod, m w&i&h e*w 
m^fec-mbM is repkiy ife ail ^g^nthm is implemented feat steop^ to mimati? 
the amotmi of useful energy stored in the foatey^ and ihmskm may app^imate the time 
r^Baimng tmtii the battery must fee reoha^cd. 

|29| However, such voltage-b^ed cakuIiilioBS do not take into azcmmi ttm fmt that the 
voltase depeiufa mi the chemisirv, the current siaie the dveruistey in. h% Le., ageing, tlie sMe 
of ehars^ aud fcscrfk the load arid the duration of toad eom^ctio^ Fading resu its is a reduced 
capacity, less charge can he tiered m mid fem ihe battay, ideally, a eharae 

uiaaagement algorithm uatag this voltage data would he tadmg-mdepeudeut, hut smce only 
voltage data -a tew^ytfee rigorism can only appro&toteiy compensate for .fading ei&ots.. 
(38) These variations d**e to fading can be shown om a plot of charge voftft* voltage, sis 
sbcmxi, tor example, iu Figure 1. . For a. mew battery, ittolxated by curve 1 0, there is very iffitte 
charge remaining below 3.6'V, while an a^^ curve 12, hae an almost 

Immx (vktieu^bip between charge aud voltage. Whm bow, a charge of approxlmateiy 40% 
of tho : battery capacity would he requisite oharge ibe battery iam 0 to 3Y, W'hea aged, the 
batfay would require approximaieiy 20% of lis capacity to achieve the same result. 
Couaeq^^y, voltage tmmwmmm 4o not represent a linear or oQierwise ea^y-to-define 
reiah osathp with (he actual state of el^rge of a battery. 

[3 1) & contrast with the above arid ether eeovcutionai tecbhquea, embodiments of fee 
presmi invention, are Greeted to a rentable measumg circuit 30 mA relating 
mefeodologies. Re-aetiable m^strag ekcuh 30 will, that be described with: re&^ee ie 
Figure 2 aid 3, tespecOTsly, Th^ea^er, with relkeuee to Mgim 4 ? one embodiment of the 
re-setiable messmme: circuit 30 and method will be described in. the context of one 

... . . V* 1 

agptieMon, a charge management system i% charging and discharging a battery. 
|32) Referring to Figure 2, a sense resistor 31 conv^r^ the cumsdt Itowiu g tatd or "oat of a 
battery 32 iiite a voltage drop s^imbie tor ^%lilk^i0ii> The valne of rnnrn t^^m- M is 
mmtl $o tM tlie power of battery 32 ia ^ot wasted ciKwnt «»Mt, as this ^sistMee 
will dissipate aome power, f ypicaily> t& ^euse j^istor v^ili be in ttm mage of 10 mllB dims 
to holm oue embodiment, as will be dbcaiaaed below, ibe seme rexiafe 31 m I ohm. 



p3| A dife-entiai ampMer 33 is.''<^^^/ssm>^ mmm mmmr 31 ami isolates tte 
m^arsment circuitry &<*m the main power circuit canning eiOT^t flsw io or Smn .baifexy 
32> Dli&miial amplifier 33 ariypMca the voltage /drop . across &mm resistor 31. to a fevel. 
sullMera to $$tf$ci$ mnfee m& provide a stable s?gn&L one prefer^ en^bodb^m, tbia; gam 
womd "t>e order of 26 -although other mkm ca&'bs imil aawelL pifferentiai amplifier 
33 outputs a cuxreiiidgnsl, i&p that is proportional t0 : tfce;O^^t :So:w m or out of Sfe featfery 
32, such feat: 

r - M 

wherei is a constant In one embodiment 
P4| The output carrot signal ipp froatdifet^tM amplifier 33 )$ pm?uis& to integrator 
34. integrator 34 pmiaiily include* m operatfesml opener 34a v,iih a capacitor 34b 
connected between the OBtpot md tht hw^ng iixpni of operatia&al amplifier 34a> fc a ooc 
embodiment capacitor 34b, has a caimoitaBC^ C, of lOOpF -t-A20% v although mixer values 
can he impl^meuted, As. ilhtstrated m Figure 2, s witefc 34c is arr&uged m ;.paMM to capacitor 
34b, Neglecting ike ejects ef riea-ideal eirecirry, integrator 34 pmduces an output voltage 
¥ im $ accord ;mee with the function; 

• ^ ■ j r 

or ; 

[35| Whm ii& output «!iage from integrator 34 reaches a %e#okl value, detection block 
36 o&gtistg a dgmt u> digiM logic 35. in.dkati^g that a i|aautb;cd mM of charge has b«w 
processed Digital logic 35 ■ifxm:- zmm.Mz^m®: 34 by temporarily cfosmg switch 34c 
which, m turn, discharges capacitor 34b. In. mm erobodim^t s i\m mie$m$xm time is. 
proportkaial to the i&p&t cunmt, the integration, o^acitor mi the .threshold voltage. 
Preferably tlie- reset time b as short as possible, so as to more closely approximate 
centimes mtegn&ba. Hc&ee* the tategrafcu time h mtiefa greater thm £itn& hi 

om embodiment the resd %ie :k md the maxirnuru charge osrrsat m IS nlA, Tlic reset 
threshed was chorea to 2V, Tliis gives fctepaiioa time of 300 ^ aKhopgh it will be 
rea!isc<i tfeat &e elective reset Mm© should be as short as possible. Them is. also -an uppex 
limit of the fe^old Mnirtcd by ihs output xaagc of tl?.e kacgx&tor s^l&e mpuS ra?rge o f the 
comparator, 

[3l>| Wbm tl^ outpil voltage fern mtegratcr 34 agmsr rsaote the threshold \%lm y tte 
detection btock 36 ot^n^- adiltfoBM. a fcrtfe dlgM logic 35, indicating fct 
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a&othcr qnmtimd unit of ofergehas heeu pmt^ss&t 

[37|. Digital logic 35 nt&mtmns a dit^teoal count of fee mirsfeer of 3treshol& deteodom 
received until a predetermined number of ikresboM deteetioca is reastet- m. mm 
embodiment, the prsdetemhied mmsh&r of threshold deteedons dstemi:nes the resolution of 
\xmi charge Ioobs embodiment the resolution is 0 i^ltAh (or 2 JmC). Tllis adiievsd with 
a qorni value of 1 2 Ss Ttfi.s p^dstenmmi aaaaib $r of threshold detectmriS is also referred to 
as the logic mmt value, 

[Ml Iliere&fe* digi tal logic 35 m myv^mms Mmv$t for processing by 

mkropmce^or Microprocessor 37 may be aoy cm^iieccMly ayai&Me; ;^io?pj>xwesso.r 
now m later d£v$iope$> Alternatively, the microprocessor nsay be a tfs^tom developed 
micToproc^sor. of microcootroHer. 'Tim ■ mymimmom inter nrpt signal Inctefe. Itifemation 
about the direction of ehar&e Sow, 

£39] : During the calibration *mainc\ m load ia placed on b&Uery 32* Thk gs&e£&t£S m 
ooen ckcmiihM will prevmt £i*ri-Oiit .or charts. :flo# irony ilowms tmm battery 33 to the load 
or device. Alternatively, the barteiv load. current mm be reduced to & very low value, by 
a low power Mate of the device. Dining the oalibradoo routing MoK)pK5«ossor 37 can read 
data from digital logic 35, iaeto^ng iU Mtrnm. of charge flow to 32, 
Microprocessor 3? can also write data to digital logic 35. Ao -Sample wotdd he to increase 
die logic- count value, to thereby inorte&se the predakm of the offset &Mcttf&&Oft, gft^i & 
conshun timer x^#lufe>% Optioosdiy, the internal directional count of threshold deleetioos 
•hi digital logic 35 could be viable to microprocessor 37. IrYe&r&hly, die microprocessor 37 is 
supplied from a power source other thau irre battery dermg the calibratioo roattev 
|40| Having e<uraueuoed the calibration rontiue., microprocessor 37 oakrdate; m efrectivo 
oiBet crcieot value for integrator 34. It is noted a^in. tbat : thk ealniu&tion fe based on. the 
measurements taken fern difeentiaS amplifier 33 and imegrmox 34 whmi m load is p feoed 
on battery 32. Once the eJleetive effect hm b$m ealcttkhttf o:iiero'prbc^s$Oi; r .37 sets 
appropriate corop^Bidoo vsik^es. Criteria uiilized to d^ierroine these eosnperisatfon values 
are dfetssed below, Iri anodm implementation, :toie:ropmoe^^or 37 detemiine^ the efteetivo 
offeei wife eon^p^atiou ateady applied, arrd then ehaiiges &m eooi|>eoeatioo i^ramoters 
aceordin^iv. The fbitowin.R three methods are exampka of hovv the of&et eornpei^stioii ibr 
the integrator 34 can be implemented, once the elective of&ei current value is calculated. 
T&cs* are exao^ple^ oiily; other me&ods cferbe used as will b« apparent to those of ordh^ry 
ikill to the art 

[41 1 L Viable bias enrr^i: a variable bias ciTO&ti soerce or drjk is provided at 



integrator 34 mpat Tim Mm mrmithm the .same -magnitude, hut wi& -op$&&tt$ §lan, aa the 
equivalent oSkt : epnreBf ilowmg mm or out of integrator 34 As referred to above, the bias 
current Is -act by titoe mleropmce^ot : 37 imder the- condition of zero charge -current, a towo 
state. 

\42l % Sqihv&re c0brM)9W< The effective oSet enrrent is measured &od m mimnt 
of charge, proportional to; the onset eiaTe.nu is periodically added or. subtracted to the 
ssfw&m cp.oJSt.-of t$& Tills i$ %q#h0mtiii magoiUK!$ t$ tfe.e peBOctk^ ;i^^pt.tbat 

microprocessor 37 would receive due solely to the offset error, but opposite in sign. 
However, this oaiibiMiou x^thod means tii^t'/Che integranoo becomes hme-dependent ; which 
is •rodi-xsh\;d>k: hi. an ssytwhrnrnM hri^mpt-dth^mi $ysimi. Also, m. Increased, namher of 
miwprooessor iuHlBiettons are used to . store ; mi mstdjmte- time mw%li as charge data. 
(43) 3, Variable reset clock: This, is g toiler to the software calibration ieclmique, but 
Implem^M.ssd -in h^lmm-. The &equeney o f the -fetemiptS:-gmm^d by ihe digital lo gie 35 is 
Pleasured bv microprocessor 3/ under fee condition of &erd charge flow. A clocking sls&al is 
generated, wiiioh fes the aasne frequency as the threshold resets due solely to the offsets This 
is then wed a* ao mpot to digital logic 3S V and hse^mesits or decrements the intemnl state of 
digital JosSe 35, similar to a threshold reset bek£ generated, but without resetting integrator 
34, In ihia axxa^|?;ement the errors due to ditterentkd amphier 33 and integrator 34 are still 
■''pf&kmi? hxii are corrected before internf)& are generated for niics\>pxoee^or 37, This frees 
mierofrraceasor37 from any additional offset c&teoktian once the eioeldng frequency is mi. 
The clock generation could be, but is not limited to heina. implemented usin* & relatively last 
system clock signal and a pro^ra^mabfo clock divider to general a oroararnmahk 

[44] Smm oi&et et&ets of differenda] arnpliSer 33 ar^d hrtegrator 34 am eompensated fm\ 
ihe j.uea^irenKi.iJt is u^e&i even if a ^mad cnireot load is presented to battery 32, In this 
ernb^jd.b:o<a?:U it is:uoi: c^svondal. lor there to be a ho loads so loas aa the valiie known alfiioa^li 
it is mrted that the more precisely this vaine k< k:Knv^ s (he belter. 

1 4SJ Rc-aettafeie meas urexnem cmnii 3 0 preterah I y relies on the devio e being ^nporsrily 
powe^cl from mi mmzmi pmz$ mpphf 39 oth^r ihmi battery 32. Thla temporary ealhration 
imre can be aro^d 30 ijeeotida for exampM 

|46 1 The mak ad va^la^e of ^er&imina CEdifera&m in this W'il. that It may fee ^erSxaued 
at ^ lime wfeen extejai power sunoiy 39 is 'avail able, woieally when chara^ via charge 
controller 38, The^fere. die oiliaet conme^sahon snakitah^ its aeeoraev over the entire ranse 
of eurr^rt whe^n chafing or dfeebargmg m\d emares tot errors do ;not axjcnmulate over ikm. 



Ako. mnm fee offset soropmfen h . eateuMsd. iiurmg » Ioa4 pcrioda. m -pr@-jMmg is 
squired, 

|4?1 Rentable mg^urem<mt timm 30 cm be 3Boarp^ted ixto a ehargo rmn^gemmt 
aystom, aa 4%$mh$&%®lm* It is noted iMi at this stage such a.n algorithm^ .^{fcpfe! 
conditions • s adli: as anfficisrst external power lid w ${utrg& current, are assamtxl io be 
kpiympnMt fer the duration of calihration> 

|48) The tecFmquss aceor&g to to emfeodimerit of ite inv«iexi « -comp^nsata 
battery self -discharge md thm mi be appfeS to a relatively wi% range of battery 
tfextootogte SeIMisc.teg^ is .more sig^<?&s*£ in. older leeimDlogie^ 
|49| Lirfeii kotologY, ibr e^ropfo, Is very ^nsitlve to certam parameters. For festauea 
overvotorge m& mm~6imkm:qz may result m pendent <kmage au<! reduced pettoiatip^ 
fer all rechargeable cfe^mbtrie^. The peribnna^e of the bakery Is also depetxieo:; 
level of charge stored oo the batfey when oper&feg wifeiir to 

|50| Further, fee processing burden k mmkmz^. given that a combm&fe: of kaalog and 
diktat techniques are nse& It k also noted feat this hhmiii h tmhm realised through, fee rise 

■ *T*.* " ... ...... ... .... 

of feterrapis m fee than processor pobing> So featead of a processor 

psnodieaily xecording hew x$mk charge has aceteiMai^ 

tcjis fee f rooessor thai a quami^d ufet of charge has feeem received. This event may occur 
relatively inff equ sully, reqmrtag immmal pmoesaor time to store ihb iBfbnnati o ji. 
ISIj The teeteiquas according to certain embodinionls of fee present invention cam bo 
adv^i^tgeeosly nml with devices powered by haheries with, a processor used in part &r 
batter v charge ma&asemexrL Some e^ihodiments of fee present invention are parheuMy 
agg Hcahle to a system must determine fee charging regime ihr the battery, 

That is, to preserve b&itery life, the battery may not moes^OY he charged even if if k 
possible to do so, 

[52] The ieokfei nes aeeordhig to eertsdn embodiments: of the pmmt kve&tion mafce some 

att^ript at mmjrom&g errors at fee design level butaeespt thmi as hmi$ finite and mmrmm. 

IMter k no»\m&: oc«kiitk% ihcae erroH oManlified. Thm\ &mmg mtim^mmiy m mm 

umipms^m t&kmkjm Mmmz^ the mm, TM i% item h&mlibmt®&: dming op^mimi^ 

[533 Figure % k a i]ow chart of one e^feo Sxmm of how embodimomg of re^atta&ie 

mmmmmt circuit 30 can he used hv accordance mfe the teachiop of the present invention , 

Pmceodmg to stop 301 , ^tegrator 34 is imtiali^df fee dlgiial Jogiv int:en;ial oorof is x^sst aM 

distal feaic 35 is placed m calibration roode befee advancing to step 303 m -which, the 

oiitjsst of iistsgai&i 34 Is mMitorsd. .JD6m»g-s^ 301, mfaiQ$&mm W -Stem. a ; timex? M 
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■m$ later when xk^iennmfes effective current 

|S4| ttxe voltage output of integrator 34 meo»fchitto*is£y checked for comparison with a 
stesteld voltage at step 303, Once the threshold voltage value lias been reached. Utm 3 04 
feteito reset mte*nitor 34 aim to inst^Mt digital !o&fe icteiit 35' Msmal count, 
fSSJ Next; at stisp 305, dMtahloate circuit 35 mternsd count is checked for .h&Htt'g .tracked 
a calibration count \ixmi value- pid d^tll this is r^etesL to output of integrator 34 is 
continued to be mcm'ior&i by rsverdns back to step 302, However, otoc the digital kwo 
ciiX-mt 35 Jjitemal cmmi hm -readied the calibration couat value, the digital io^ic circuit 35 
ge£imfe an M&m^t fm microprocessor 37 at step 306* 

fS&j • Mh&opx&GS&s&x -3? processes this imemspi .at step 307, by recoxdmg a tfear %k*& and 
oiaoms: di ^ita? iocio drcaht 35 back m measm^meM rcode, for fetarc mvm^ : m^^m^^. 
B7j .At step 308, micro o^roossiior 37 calculates the effective offet ciuxaiit on th© basis of 
the xe&irded ikrs&k' iuid fe afrKnmi of 'citeesit- represented by th& caH&r&tksh: Cdiimi vakta, 
Cinterd ia charge per sini't time. • Altildraall • tfek'cbsr^- las ' bmi laeasiaecl it did not aofti&Uv 
flow Mo or out of the battery; 

|SS] At step 3 00v ridcroprocesyor 37 tate- $t%&-&> comptHsate for the meaM££&t$3*i: ofSet 
sa earher described, and the calibration rootme ends at step 3HX 

|S*H Refenins" now to Fipe 4, as of a charge sft^m&sftt scheme, iwolwsmg 

a&d dkdiaxgteg battery 32, incorporating the rtvsettable raeaswement circuit 30 of Figures 2 
anid 3 will be described, it is noted that this k provided as m example, aiid the Biethods 
ouxHiisd above are not limited, to this oartfc^kr scheme, which is based on the currem/vedtaae 
limited mefeod Oiim scheme:? coitki be b^«d : oii pq\w .limited. -aft$-£$si ciwge r:a^tho& 

[60] & ^irnin^ary, the charge m&nageme:nt scheme first discharges battc-y 32 to a .known 
state, tfeesi method of limited c^^U, tl^n limited voltage to itiitixdly charge the 

liatiory, Ptiritlg thia time, the amon&t of charge delivered, to battery 32 is recorded, Th% 
batev is then eye ? ad mzm the amomit of abara^ atored as a measure -of the asefel ejicr^y leii 
•ia th&. battery ; This pmmm fe repeated alter a mimfeasr of eyci^ 1o eiinxinate any aeeamuMed 

The me&od eommences by mihabzing Che- Mlowmg vaxiabies: 

YoiTAGE TmESHom - set at .say pr&fefeh? mono ombodhnent betw^e^ 2J) and 6,0 

Volts and. in ao alternate embbdmtent of between L0 mil 50 Vottc. The-- v&lt&m . 

. . . .... ...... ... ^ 

feeslioW is reaetel by applymg a. ooasia»t charging carrem m & prefer^ 
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•embo#m^t. U timnd be apgreciaied iter this threshold smy; & aebieved by say 
me&ris know ia charging art 

C'haroe Current — mi with a . xMxte.mv allovabk eoagMi <?M^iig 'catfx^t v&te 
TvHicaOv, tfcotrmst limit is psosxm&ssfcte m steps, for exainpte in 0.5mA &ieps> 
irons mro m iM mmkmm A^^h'Mmit^A mmntviim, 

Cm&ZM? Threshold set at a pospoxtion of lbs cecity of bafery 32, : s*y between 
earac&vftO and ea:»acity/iO& Tte value tested t!Ss variable repmsmts a lower 
Imit ©if €mms &mm^% md is mtd to determine the 'mi pomt of th<? Stated 
voltage process. 

Charge Coxjmm (Q) - a feoti^ai eooM of fee nm&Ssr ' of : ctaiige- hdtemtffr 
g^erafsd by digital logic 35, which thus represents a oumii&tive- value of cbwge 
This variable is initially sei to ■■%®£0* 

Q^Lowm - repre^fe a lower ot^mm xm&$ disM&g ^^^mx^M^ • 
Qjj'm^mpmmm mi trppsr vnlm of charge reached datiug tte operation cyele. 
Cyclb Counter ~ holds value of cycles and is initially set at sere 
C yclu Count I.tmtt -.-sest to betwem 20 and 1 00 cycles. 

OFFSET GqmfemSATIOH - ast m unless fere Is ass. existing valid value* kt which 

es&§e tb&t vahte Is retained. 
Jtffc] Mer miti^^tioa, step 462 is proceeded 1% m which a constant cbargmg emreM is 
applied to battery 32 m mcmdmm^ with the v&ice stored i& CHARGE Cur(<bnx 
1 63 j Throughom tho method/ except during oalfaiioti at step 40, the value stored m 
CHARGE ^(^Wtmi^^ mikm %t cmmhlivv mwymxi. of charge delivered to batteay 32 s aM 
is mcremented or decremented accordingly, 

p4| Ofe the battery voltage -ress&& the ^alue stored m YOUCASB THRESHOLD* fi« 
limited voltage etage phase is eomme^eed, l& is tedic&ted by decMon dl^tod 403. 
'Em the voltage is maintained tet (lilt B decreased us&Hi rsaehes She value hsM in 
CuMBKT XHRBSHDLD as isx<Ec£it« by dcekioH diam^id 404, 

£6S| As a safety featux^ the n?axmium yo&age of battery 32 #rmg <shargtag .k fated: by 
m& cMi ttedbiie never be exeeodM, Wh^ Y<nmm Theb^hdld k.-se*- tp # lower 
vakte Ihm the baMwsre limit the ehargc cw«nt cm. be Hmit^i by microprocessor 37, 
AiMh^c safety feature of fte jpissml m^bod fe that if CHARGE cq^Ktbr (Q) fells below xero 

t vv> 



dnmg discharge ths device may txsat. tfefe as ax* i^r «oadM<)n and -reset itself aseadmgh. 
|«6J An fctfample of fee result of the pre^mt m^k>d is sfeown Sxi- F£gt*E«ss.. 5 A & SB, irs. 
wMMx it e&a be mtt that &e &m&d &mmt charge ;b applied to the b&ttery instil' fee terminal 
volfag^ r^hes & xhmhokl voltage Tli^^tev t'uimft Is i^ltivdy fas^^e4 m& the 
battery is bklt^d uMii ite termM voiitege-- as&te ;msd*es the threshold voltage Thm allows 
•fee feemal chemistry of feMfcry 32 to aottte to a steady state, H&ree, 32 mn. 

stiBs^p^tly d^Mrgcd: tidier welHeS^d oa^dita^ &om m m&mwn Mm Qfdtmgp 
to a m# defined cut-off voteg$< 

fg7| Th:e disdwgmg could be :fe:sliveiy reduce! by a. fr^oii in ofto ;<»axig^M. 
Kowev^ the char^ eisnera should usually not fall below a timiimg value speeiled by the 

« ^w». L - ...... ■ ■ ■ ... 

mte*£acfem:v & to avoid i^eetexsisd battery lading. 

[68] &jky volmge phase is |>roieeted against mdefiBi^ digging, ivhfefc could "insult 
in |OT»t loss m $m$mxmm As battery 32 &des, the limited curreat pas©- becomes 
siKirfer and fee pi^^e beeom^ toiig^r. Battery 32 MmM to accept the charge 
at a slower rate. 

0] Cte the • cium^it decreases to the value held in CURRENT TBBB^D^D, a sm|le 
charging cycle is eompteted and to allows fctegrator 34 offset oalifadon to be 
impternmtal TMs oceio^ whe& ihe method proceeds to step 496. 

(783 At step 406, the value stored in Ghaeoe Counter (QX w&ich now reflects a 
omuuiaitv^ qn^dty of charge stored, m battery 32, is osed to calculate values that are written 
to Q lower and ^us^E&x. These catoMed v&kies will vary ov«r time m battery 32 iMes, 
amee the aecu^kted dm$z stored in. CHARGE Co^Knm (Q) will decree im the same 
vol tage and current toeslK}lds> 

£71] The value stored m. CHARGE Counted, (i lr fte first execution of the me&od hop, 
cmxid be ineaixeet due to oabbrat^n rm hmmg bsmpmMmM, Since the o&iihrsdon will be 
pe?ifeB«d before tbb: second ex^itma ? this eEfeot will only be ^pbcabie fi^r a sbort petiod 
ofdevi.ee operation.. 

m\ Next kt-stz® 467, the mteMion. feetion mxi Be eallbrnted by coveting my oWml 
error, as explained previously, if sufficient external power £$ amkbie fbr tie deviee to 
feiiotfe Tim i s a reqnir^nent, m m 1 oad be placed m tbe battery during caS^n^ian, 
At Ms : #age.&£ 0f&^ : eo.m|^M:lo^ ' parsBiete^; :sre wiiiten to Offset Compensation * 
f 73] After IM z&\brMim of atop 407 completed, step 408 k proceeded to. At mp 40i> 
battery 32 ^wai to tSscMrge until the value <$t»d -in £harO£ COUHTER CO) is exal te 
fe« v^lue stored k 'Hiereate tb<? CYCLE GOUHTER k immmt$& 
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174} At m$ battery 32 is ag&i& dmgM until the value -of Charge COUNTER (Qj is 
eqoal to Sis vaiiic- sfetea ,m CLlWER. Ihere&fe the ife toctet over to step 408 and 

the moU mmm. This pyfcte results m m oseHladon tew« a miute^ and maximum 
charge counter value.. 

[75 J Au. example of the oyolmg perfemed fay step*; 408:, 409, 410 and 4:1:1 is shown in the 
•OTt>Jx of Ffeuim 6A & SB, These ^i^izeat discharge and eMrge ^ctknis may be .partial Mi 
Ek^tofel or fuU 9 depeMfcg oft the desi;rcd result 

{76} Step 412 is preceded to when Cycle Cajma: is equal to Gycle Count Lunv. as 
dijt^mmd fey step 41 (I The process of reca&rating the measunBg eiradt occurs at mmd 
ev£ry 20 to 100 Cip^aifeg- .^arg«/di^hiti^e). cycles of Ihe px^sertt method. It should be 
appreciated tfeat this range- may l>© pasted op or dowD based on the m»-punt of ptocessmg.. 
power available and m fee acera-aoy desired, la iMu context, it b noted thai my charge 
followed by a di^h&rge ev«t is ^efeml to as a cycle and does mt imply Ml charge or Ml 
cbsoliarge of battery 32 > 

|7?| -'the ease of charging power "or twtemat power supply 39 becoming ^milife tut 
detemiliied in step 411., the -method proceeds to step 412. At step 412, battery 32 is 
discharged to a weH-dein5M eui-ofT voltage, Tfeus, it should be appreciated that the cut-off 
voltage raay vsxy considerably between different application This limitation protect 
hmm* 32 against damage ftom ever dfeelwpng. Thia m^ofS voltage Is, typically spelled 
fey the barter? maxRffeeteer, ami m deDerafai on the "battery technology ased. Thus, it should 

>« " " A ....... A. ."i . . . . .-i 

be appreciated that the cut-off voltage m ay vary eonstoe:mhly between different applioaboBSv 

178} At step 413. the presence of eh urging power &o:n;i external: power saspply 39 is 

detanked If there is m charging power available, then the metMd emte-by proceeding to 

step 420. Otberw^e the method proceeds tr* step 401 and the method repeats. 

[79] The method deseribed above, whieb incorporates re-seitahle measTOmeBt efmiui 30, 

is relatively agkg independent and osn tbsrefore pevide tfeefehowhm advaMages: 

% liBproved battery cyefc hie: This occurs beeaase 'the feelwqoes described 

herein can allow battery 32 to be operated widhri its designed limits, but closet to inmoHim 

e eribrixiaooe, Also, the time .for battery 32 to discharge beib re an external po wer supply 39 k 

reotthed to power the electronic device can %e made fav0% witboiit adversely ai&efeg 

battery fege vity . GaieraBy, ^aeh type of battery techaoiogy reqeire^ tbat the battery charge 

he maiBtahied heWeen mmi&mm atid. ai^lBi&m voltage 'lm-m y e,g, 3,0V and 4..2V k <&£k 

ceH v It sliottid be app^eiat^d that battery 32 may eoMaia eeik, wired ki serU% ^)d 

Ite hm®. m%' voliiget. ftpm L0 V to 50V ex eveu gs^atetv Exeesdmg ft^e Ihnits may re^iH 
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ipMmtg twft km&&& dtxtm®* dmm cmmmm without cMrgi^g, thus ^biiBg the user 



to mak^ mots in&xmad ehoiees abo at usage patterns, to ,te« battery life, 



{83 j 4. Mintage processing burden, despite varying cmn^t ll^e internet :ro«tme 
mrnpiy increments or deersrassts a charge counts v: every few seconds (or logger} am! ihm 
reepdres very little processing pmm This critical in a Cochlear" imp] am, for example.; 
where die processor has a high irdli nation. and all rn sir notion are oplirmseil 
[84] Iks sliaraeter feiBg method aeoordmg m iSM mvmiim m partieutei y suitable K?r low 
powered ^plicatioBS $mh m medical devices. In partial it is envisaged, t&si tin 
techmque^ described herein can be advair&geoudy esed m device whe:^ battery 32 is 
impkiit^d fe. fee .h^n Bod:y; TMs sit u.ali0a hxmga m special challenges, as battery 32 is riot 
easily replaee&bie aru! physical ^)acs <\M$f. be rnirdm&ed as far as possible. Accordingly ; it is 
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is heiea rochamed, Farthers mil 46 aois aa a MB link to allow bidirectional data transfer 
b^tw^exi implant 40 a&d externa? device. For farther meihoda ehar£;hia> the re^&r i^ referred 
to US Patent Application 09'd$4 /73L entitled ,o rnin:sc^ta^s?ous Power Optimization Circuit 
Ibr a Cochlear' ' ' M*ptoi.* ?> filed September S > ;2G00> 

1881 Refecdoa to fiaure 9, Ore electrical architecture 50 of the Cochlear > v> n:nx>iar=l 40 m 
based m a miemqoMroiler SB which p^fonm the mmn <m^ai fmkdkmB, An mtem&I audio: 
sigaa! path $2. mckdes internal mic^>feor^ 42, femt s^id 51 and aouxid process 33, The 
f&iemd sthmihrs aM control data patfe irAdudss mlF IMk. {mimmi cod) 46 ? RF casitroiler 
54, data a-ic^fe 56> output, controller: '50, current generator 62, electrode s witch network and 
opiput slage 61, am! coditea elsotrod^- 63; 

fS?>| An externa! controller 76 is also provided* Immu. a battery charter 72 and axrxtKary 
souixl proco^or 71, Battery charger 72 provides a means of irKhietrvety reoha^mg fto 
implanted battery 43 through the RF when required. The externa! sourad processor 7 1 

oaa be m®& whm the ixnplantrid processor is inactive for my reason and e&a provide wife 
•sokhd coding al&eaithm optica:^ The extendi oeBtroller oan also provide: a means of 
mterrog&tfeg the implant 40 to determrne die fevel of charge of the battery 43. Telemetry 
me&suier^sitt circuit 64 pertoxras measuremexits of electrode voltage, 

${)} A mppfy Mi& hlm block 65 prmMm pm^m on xeset to ensure allerRa&ts start up in & 
controlled state at power up. Block 65 also provides charge rnarj.ageniCn^ re ensure that 
battery 43 charge cycles are prepe^ voltage momtorihg to ensare 

mootinoal operation ftf aiM data retenlioru and voltage regulaiioo. Block 65 also includes 
rofere&eo generators. Block 65 ako ensures ta.t low noiae bias GiuTcnis are distributed to the 

There can Mao be provided a deactivation meaes which provides a means of quickly 
arid safely deactivating the implant 40, without the delay aad rneoxrveraaaoe of having to 
locate and adivaie the external controller. On detect ion of opera tio:a of lite deactivation 

mU:a"ocoritirf11er 58 places implant 40 m a standby mode -wliete ail elecirical 
■s.timttktion to the electrodes 63 h discorith^ed, if the imr^l^tee &mm operates the 
deaetivatloii meaas, tm^o^onfelfer • S& shuta itemi. operation of tna^ikast 4(t l^piaat 40 %m 
fom ord v be re-actival^d ltiro^x w of external eon^oIM 76. 

1921 It should be appmtmt^- t&at ffi&i&es. 7, • S" md: 9 illustrate a particular medical im-plaut 
aiid &at may be uaed with tlk? teaehings of the p rmmii '"mvmtion. It slsoald be app^ehrted 
tlmt ilie^ter^ng l^tiiqM described above mav fee utilised, with this device orafty oiiwx. 
tistiim asii is aot limited. M t&J applicstioa of i»3plajits. 

M 



The techrikju^ described herein mw fed feupfe^ftted as mftmm OTlig on a 
camp titer, such m mkmmnmlMM, Stacfe $oiMais may be s tored m a impute*; readable 
mMmm,. including storage deYfces mch m: a floppy disc, a hml Mm drive, a magneto- 
optica! dfe driv^ C©.4^0M ? magnetic 
: cfevk^$ weU toowrito thm% skilled in the art. 

|M) Tbs software is loacfed into fee oosnpife fern tfo comp« T£&d#:te msdi \$x\ M& 
ikm ^mmmd h$ iim oomptte A compter readable medium hmmg such software m 
mmpMr pm&mxx recoMed m il k z mmpmM pmmm product Thsrtsse of fba computer 
program product hi tMmmpiiim: pm&xzHs? aflccls an mrMM^mm %^u*aJM S>r m^^gmg 
the okarpag ami (S^tefgiog of a; rechargeable b^tlery m ^eoniajioe with the tecimlqu^ 

$95] R will fe^ .appred&te4 l>y p&xstos skilled in the att dial iipmis ysff^cos atid/or 
.:r:aciiifcaii : o;si8.:m&y bs made to tbe im^mo;n jjs stoown in the ^solfe e&ilxMm^ts wHhdut 
departing lioiu spirit or scope of the invention as broadly described, The present 
embodiments ;rre ? therefore, to be eoxmdered in all respects &s iUusiratiye and not reatnetiv^ 
£%] Ail documents, paiem$;> journal article and other materials cited m the present 
appHcatioii are hereby hjeorpomted by mMmm, 

[97] Artomh tie preset mvendon Sas hee«i M!y described m ecmjxmctkm- with several 
esnbodfeients thereof w& it is to be understood .that 

varies efaangps mi txt^BiMkm may be .^0imitBihmt skOM.i -fc art Bmk dmigm, 
tind modiilcadom are to be mxjerstood mcbided within die seope of the pwni invention 
s$ defined by Ihe ^pperided claims, unless they depart fee^Som, 



i. f. 



0LA1MS 

What is eMmedte 

L A method of managing a ..power .$sppiy- fer aii eteteic da^ke, fee power supply 
havku?: & reolmr^abk batto?" source s^d an aiExiliary power source* said ntetftod : mmpmmu, 
the steps 0$. 

impkmeotbig n mmsmmg mcxni lo :oio&sBs;e parametric data of the rechargeable 
batten? source- &mm® operation! eh&rsm^ and discbammg cycles wife the eleetronic device; 

: etefcpig &i:emparary ..removal of fee :^cteg«#MMitery smwe tao opeMkm of 
tile d^vkm and 

ta$tmg ciromt for offset error, if power from rsotegeabM battery 

source has beer.:. Sempcrarliy re^o^cd, before resmmng m& implel^s^i^g gjtep, 

2 The matted accord.bg to sik 1, wfexem said fetmg' «fep- : :^irt^Sr comprising the 
M^ste^ of co rrecting tfse measuring circuit m &m case of an olfeei error. 

3 Tile mettel according to ckto 1 5 herein, the de-vice can fee temporarily powered by 
the auxili ary power scarce during said testing step, 

4. The method acoordrc^ to claim L wherem said p&rametno data keMes cun:mkti¥C 
dmrge, 

1 The method according to claim 1 wherein said electronic device is m Preplan table 
medical device. 

•6V Use metod &ccoMir^; to claim 5, wtadn the iBiplaBtabie medical device ■& a 
pmsthetk hearing iropfent system. 



7, A power supply tor m dsetomo dmim, mM poww supply ompr istugc 

& rscluirge&hle M&ory so« co;a%umt.fdr cyciteal charging -mst discfegiqg by s»s<l 
electronic device; 

a m^r«rteg : circuit for mmmrmg parametric ddin dmmg md <^Mgmg -m& 
mseharghig; 

an. axrsifory power mmc®. hm&g sMeio power said electronic device b^pmd^tly of. 
said battery source; md 

iit&Mm circuit for testhm aafci: measuring circuit for ofSei error: Had 

W 

a circuit for Tedticmjg Cttirent few from sml rmhM^&^ hM^y m said device to a 
xoMmal value; 

wfcerdr* said testis cimmi is enabled during saM isolation of said, j;sclwge&bio 
battery from said de vice, 

8, The power supply acoommg to claim 5ywte«iii : said testing elrsoit -wrrefete. any of feet 
error before carrem Is restored to S2ad device from $ai& rech^g^^Se |>Mi^y. 

sopply according to okim 5, wherein, said parametric data msIMes 
sxmntv according to cMm Vwhereia m& oiectmoio device is an 

•"'..XX'*. ' V*" . ■ ■ 

ar^Mxttable medical device. 

1 1 . The power wpphf according to claim: 1 % wherein, the imptaiahle medical device m a 
ree<dY^limulaf0rioiit of a prosthetic bearing implant system, 

12; A svsiem for operating a rec;h^rgeahle b&tfcery v said system comprmEg: 

^ ■ . . ----- ■'■ \ ........ ^ ...... ■ . v ■ * j.. . 

correct maiafebimg meam far InmiMammg a predeierivdruxl cteM to said 
reehax^eahls battery imtil $aid rechargeable h&tey reaches & prndetmomed &&tiiftu& 

voltage rnairitafciiig me&ns for mainlairdng a predeteoined voltage to said 
recMrgeablo battery iMtii a predetermined mMmi^u ewexit is deli vsaed to said reehargcable 

battery; 

detenxhm&g m&an& for dsteemMrtg a eydicEl charge value deh'versd to sa*d 
rechargeable battery by said current oMr^iih:a> mcaiis md said voltaic maftt&mms; 

19 



& U?8 power 
ommfeti^e charge. 

10. The power 



during a. cycle; -md 

SwV- . ^ . . .... 

eorrectioii means for oon^tfeg Md xMdlmmmg. m wfcesi dm$%: m not hmng 
delivered' to said rschpgeafele^ the basis of said charge value. 

13, Tte sy«ni aceorfmg to daM 1 2 ; wfee^m said voltage mami^inmg mmm engages 
after -said raclw^abte hatev reaches said predetermined maximiir^ voltage by said current 

sintaimng me&ps. 

14, The system according to claim 12, Muwk ^akl detemdmng means comprises a 

15, The swlara ^cordfe& to cki:m -12, wteia srid pr^tetemot^d- .c&rre&t and said 
predstermioM nurnynorn /citfreut'are'dMeimt; 

16, : The system according to ckim 1.2, wberam said prsdotemdned voltage and: said 
proddemrhisd maBimmx voltage are different 

17, The system aeeordi&g to claim 12, wherein said p^defemmed oftnreoi may be 
dyi^mfciiliy adju^d based on parameters of smd rechargeable battery, 

18, The system according to claim 12, wtek said predetenmned voltage sfe&y be 
dyiiandcclly adjusted teed on pari&nete of said rgetegeabte battery. 

19+ Xbs -syst^, ^oe^ng: to. dmm VI, w\mmxy said }md^6tmh^d. mMmntn &mmi imf 
20, 11« system aeeoTd^ 

be dynamically adjusted baaed on parameters of said re€fearg«abb battery; 

2L Tim By^imi.mcmxiing to dmm 12, wheram said pr&^ is 
le^st&aii 57.6 volts. 

22> The system according to claim 12, wherein aaklp^d^tenmried miniomm emmit is 
less ih.m 1 ^ipere. 



33. The system aceqrtiipg to ■ claim 12,: wborem saki reoterg^ble battery ® ami fm mr 
24l Tte system, ae-cpxi%g to claim 23, said impiairtaM^ medical devices is a 

25, : Hie-^t^a; aocordmg to claim 24 wferem said prosthetic heap m implant m. a totally 
;a:opkmabk^ prcsO:uotk. hearing implant 

26, Aa app^te'. fcr efiaracten^Bg a rschsU'geafefe battery , said apparatus eompxkmg: 

a cur^t litnned sou^e M delivedog , ? d^iBg : a fet charging stage, a mrmd flow to 
said rectegeable battery, tmtil said r^hs^geabte bakery ros^oa a predetermined mira 
voltaic 

a vdite^e. limited source for maflitammg, dunug a second charging tta&$ a 

.... v»V . 

substaxi&dlv c&mm Mttm® to said lecbargeable baited mail : & cmxmx. npwM\ivm& to 
said re&fegoahls baitery is below a predeterirdried 'mmsmusra emimi; 

m integrator coriil^red to mtegfjte eurrnit Sow dohyered to said ^ch^rgeab^ 
terv durfog die .first aad secorcd calibration stage*; 

: ■.""*■ ■" L " 

threshold ddedor meam configured to dgn&l. a unit costal of charge upon, detoehon o f 
^predetermined .fevsl of cbargs mdic«d by &eoutpr! fen said integrator; and 

CoiiteMot configured to correlate a total «fc of mk emm of charge dnnng said 
first m& second calibration stages with said pred«l«niii«ed mmmmm. voltage said 
pr£dotoTd&£d mkiimiw c&trmi 

27. TM aj$a^to aewdrng to ctemi 26 ? wherem said secoM oalfeafen stage 
commo-iees after oompfetio^ of said first cali bm&m stage, 

28. A fcomptte readable m#ta 5 having a program recorded dxexeori, where fee program 
is contlpred io mafee a computer exwute a procedure to operate a roehargeable battery, s&M 
pmcedtrro ?x>mpri.sm§ tbe stepa of: 

cteaoten^mg tte feaitery comprising the $rib-step o£ 

(!) iMbsrfsig ■&-mh&8$ei&¥ stmsla&t omteilt to said recbargeafele battery xm&\ 

r\ 



{ii} delivering a ..^ub.^tetbily- ecmsi&at volteg*- to said rechargeable battery 
mill a m%d&temiiw& mhmxmm . ammi is delivered to smi reeteseable biitterv; 



(iti) ikl^mimiig & iMmsed . dharge -value dsHwsd p mil p&bargeabie 
b&itery by sufe-steps (i) and fi); a^d 
cyclicpy chmgmg m4 dkcimgmg af s&id reob^eable battery acomdfeg b mM 
determined delivered charge value. 

29, A. battery cbarger for aa electronic device, aadd bafey dmrgsr compnsk^: 

a i^ch^rg^bfe bmzm : sowce oo&Sg&ml for epical q|iarging;:aM M sob&rging by said 
efectronfc devkrs: 

& measuring oirMi: :8>r Bieasormg p&ranisi?ie data during s^id cfe&gmg and 



discharge g; 

$n M&Umy- : pbw& mmcs hmig able to power said electronic: <fe?fc$ i&depesdeMly of 

said hatrsry source; sad 

a ies&g cixeu& for te^kg said ^eas^rii^g otait oiSst mor;; aid 

a circuit for reducing ci«i Sow from said redmrgeabfe battery to said device to & 

mimmai yaiao< 

w&srem said testing circuit m g&abled during said isolation of Mid i^ch^rge^bk 
batterv iro:m said dsvie 



•V-i' 



30. The battery charger seconding to claim 29> whores said testing: circuit corrects any 
of&et exior beibre ctareftt is stored io said de\dce tax said rech&raeable baiters 



3 1 The battery oliargei acconlmg to eiaini 2% whzmiM MM parameirk data includes 
ciuaaladve charge. 



32> The battery charger ae-cordmg to claim 29* wherein said electron^ device is mi 
bnplsutable medical device. 



3 :, The battery cteger according to claim .29, wmtmi tte dtiplMt^blc medical demee is 
a i^oeiv^^timaiatoi mii Q%xm§fm&z hmwg implmi system, 

34 A pDS&etie bearing imp l&at system cc^rM&g : 



a battery dmger comprising: 

a, reclprg^Me b^ttey mmm mn%gw®& fb? eydkai cfegi&g and disdwgkg 
by I <l eiec feooie device^ 

V ■ ■ .... 

a ms^uriog circuit 

m aimifay power source "bemg Bible to ;pwer said eleotramc device 
iodopcjidemly of ^idbaitery source; -and 

atetmg circuit for testing said measuring e&codt for of feet error; mi 

& discoMeeuoa drmiit far feoktig cwif flow from said K^h^geabk 

battery to said device: 

wl^rein said te &g cit e ail: ia ca&bkd dmlttg said ispte&m o f mid 

reolkiro^ablo battery from said device. 

35 . He pmsthetie bearing ir#tet system aceordkg to eMm 34 campiism^ 

almttery charger wherem mid lesuiig mmii corrects any ofiad: error before currant is 
restored to said device &om s*iid reckixg^ble batters 

The pms£he& hearing impMi system according to chum 34 comfdsfeg; 
tho battery ofeatg&r wherein said para3:o$lxie data Jxsciufe; cumulative charge, 

Tfeprostt^ m#>x& feg to cfeim.34,. cornprismg; 

ttelMferv charter wfeeio $aid electronic device is a& MrplaMaMs xnedisai device.. 

Tbo prosthetic bear tog implant system according m dam 34 ? eoxiipriskg: 
the battery charger wfes£ci& the IxrtpiantabSc medie^ de\dco is a reoeiver/^ii^miator 
unit of proatbetic hea^ag iii^iant sy^^m. 
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